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An illumination system includes a light source device con-
figured by an excitation light source, a light guiding member
and a wavelength converter that are connected in order, and an
operation check device. The system further includes: a con-
nector configured to directly and physically connect the
operation check device to a light signal emitting end which
includes the wavelength converter; a detector configured to
detect a light signal emitted from the light signal emitting end
when the light signal emitting end and the operation check
device are connected by the connector; and an operation
determiner configured to determine the operations of the
excitation light source, the light guiding member, and the
wavelength converter by a detection result in the detector.
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1
ILLUMINATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a Continuation Application of PCT Application No.
PCT/IP2012/057359, filed Mar. 22, 2012, which was pub-
lished under PCT Article 21(2) in Japanese.

This application is based upon and claims the benefit of
priority from prior Japanese Patent Applications No. 2011-
066714 and NO. 2011-066715, both filed Mar. 24, 2011, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an illumination system
which illuminates an object to be illuminated.

2. Description of the Related Art

For example, in Jpn. Pat. Appln. KOKAI Publication No.
2008-26698, there is disclosed a light emitting device which
is a light source device having a constitution capable of
detecting disconnection with high accuracy. This light source
device includes a light source having a semiconductor light
emitting element to emit light (for example, excitation light),
a lens which condenses the light emitted from the semicon-
ductor light emitting element, a connector on which the light
is condensed by the lens, a light guiding member connected to
the connector, and an optical part disposed at a tip of the light
guiding member. The light guiding member guides the light
condensed on the connector. An example of the light guiding
member is an optical fiber. The light is guided to the optical
part by the light guiding member.

Moreover, the above light source device further includes a
light branching member, which is interposed between the lens
and the connector, to branch the reflected light returned from
the optical part, and a light receiving element which receives
the reflected light branched by the light branching member.
The light receiving element is also a detecting section which
detects the reflected light to detect the presence/absence of a
failure of the light source device, for example, the disconnec-
tion of the light guiding member.

Jpn. Pat. Appln. KOKAI Publication No. 2008-26698
described above uses a constitution which detects reflected
light branched by a light branching member to detect a failure
such as disconnection of a light guiding member. However,
detection items to be detected by such reflected light are
limited, and when the measurement items are increased for
the purpose of precisely detecting the failure, itis necessary to
mount detectors on a light source device, which brings about
an increase in the size of the device.

BRIEF SUMMARY OF THE INVENTION

The present invention has been developed in view of the
above respects, and an object thereof is to provide an illumi-
nation system which can detect a failure of the light source
device without increasing the size of the light source device.

According to an aspect of the invention, there is provided
an illumination system comprising:

a light source device including an excitation light source
configured to emit excitation light, a light guiding member
configured to guide the excitation light emitted from the
excitation light source, and a wavelength converter config-
ured to convert the excitation light guided by the light guiding
member to illumination light having a desired wavelength
and emitting the illumination light to an object to be illumi-
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2

nated, wherein the excitation light source, the light guiding
member and the wavelength converter are connected in order;

an operation check device configured to check a normal
operation of the light source device;

a connector configured to directly and physically connect
the operation check device to a light signal emitting end
which includes the wavelength converter in the light source
device;

a detector configured to detect at least one of a light signal
emitted from the light signal emitting end and heat generation
in the light signal emitting end when the light signal emitting
end and the operation check device are connected by the
connector; and

an operation determiner configured to determine the opera-
tions of the excitation light source, the light guiding member,
and the wavelength converter by a detection result in the
detector.

According to the present invention, it is possible to provide
an illumination system capable of determining the operations
of an excitation light source, a light guiding member, and a
wavelength converter, that is, capable of detecting a failure in
a light source device, without the increase of the light source
device in size.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention, and together with the general descrip-
tion given above and the detailed description of the embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 11s ablock diagram showing the overall configuration
of'an illumination system according to a first embodiment of
the present invention;

FIG. 2A is a sectional view showing a configuration
example of a wavelength conversion unit and an operation
check device in the illumination system according to the first
embodiment;

FIG. 2B is a sectional view showing the wavelength con-
version unit and the operation check device in FIG. 2A that
are connected to each other;

FIG. 3 is a sectional view showing another configuration
example of the operation check device according to the first
embodiment;

FIG. 4 is a diagram mainly showing a configuration
example of a determination circuit in the illumination system
according to the first embodiment;

FIG. 5 is a diagram showing another configuration
example of the determination circuit according to the first
embodiment;

FIG. 6A is a perspective view of a light signal emitting end
in an illumination system according to a second embodiment
of the present invention;

FIG. 6B is a diagram illustrating a configuration example
of a wavelength conversion unit and an operation check
device in the illumination system according to the second
embodiment;

FIG. 7 is a diagram illustrating a configuration example of
an operation check device according to a third embodiment of
the present invention;

FIG. 8A is a graph showing an example of a distribution
spread as compared with a detected light amount distribution
found from a design value of the operation check device in
FIG. 7,
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FIG. 8B is a graph showing an example of a distribution
having its center shifted relative to the detected light amount
distribution found from the design value;

FIG. 9 is a diagram illustrating a configuration example of
a wavelength conversion unit and an operation check device
in an illumination system according to a fourth embodiment
of the present invention;

FIG.10is a diagram illustrating a configuration example of
a wavelength conversion unit and an operation check device
in an illumination system according to a fifth embodiment of
the present invention;

FIG. 11 is a diagram illustrating a configuration example of
an illumination system according to a sixth embodiment of
the present invention;

FIG. 12 is a diagram illustrating another configuration
example of a wavelength conversion unit and an operation
check device in the illumination system according to the sixth
embodiment;

FIG. 13 is a diagram illustrating a configuration example of
an illumination system according to an eighth embodiment of
the present invention;

FIG. 14 is a block diagram showing the overall configura-
tion of an illumination system according to a ninth embodi-
ment of the present invention;

FIG. 15A is a sectional view showing a configuration
example of a wavelength conversion unit and an operation
check device in the illumination system according to the ninth
embodiment;

FIG. 15B is a sectional view showing the wavelength con-
version unit and the operation check device in FIG. 15A that
are connected to each other;

FIG. 16 is a graph illustrating how to find a calorific value
from a temperature change;

FIG. 17 is a diagram illustrating a configuration example of
a wavelength conversion unit and an operation check device
in an illumination system according to a tenth embodiment of
the present invention;

FIG. 18 is a diagram illustrating a configuration example of
an operation check device in an illumination system accord-
ing to an eleventh embodiment of the present invention;

FIG. 19A is a graph showing an example of a distribution
spread as compared with a detected temperature distribution
found from a design value of the operation check device in
FIG. 18;

FIG. 19B is a graph showing an example of a distribution
having its center shifted relative to the detected temperature
distribution found from the design value;

FIG. 20 is a diagram illustrating a configuration example of
a wavelength conversion unit and an operation check device
in an illumination system according to a twelfth embodiment
of the present invention; and

FIG. 21 is a diagram illustrating a configuration example of
a wavelength conversion unit and an operation check device
in an illumination system according to a thirteenth embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention will be
described in detail with reference to the drawings.

[First Embodiment]

As shown in FIG. 1, an illumination system 10 according to
the first embodiment of the present invention includes a light
source device 12 and an operation check device 14. The light
source device 12 illuminates an object to be illuminated by
illumination light generated from excitation light. The opera-
tion check device 14 is connectable to or removable from the

5

10

15

20

25

30

35

40

45

50

55

60

65

4

light source device 12. When the operation check device 14 is
connected to the light source device 12 and the light source
device 12 emits a light signal O, the operation check device 14
is used to check the state of the light source device 12, i.e.,
whether the light source device 12 fails, in accordance with
the state of the emitted light signal O.

The light source device 12 is configured by an excitation
light source 16, an optical fiber 18, and a wavelength conver-
sion unit 20 that are connected in order. Here, the excitation
light source 16 emits excitation light. The optical fiber 18 is a
light guiding member which guides the excitation light emit-
ted from the excitation light source 16. The wavelength con-
version unit 20 is a wavelength converter which converts the
excitation light guided by the optical fiber 18 to illumination
light having a desired wavelength and emits the illumination
light to the object to be illuminated. The light source device
12 further includes a light source controller 22 and a display
24. Here, the light source controller 22 controls the activation/
deactivation and optical output of the excitation light source
16. The display 24 displays various information regarding the
light source device 12.

Each component is described below in detail.

The excitation light source 16 is, for example, a laser
device.

The wavelength conversion unit 20 includes a wavelength
conversion member for wavelength conversion, for example,
a fluorescent material. The excitation light emitted by the
optical fiber 18 is applied to the fluorescent material. The
fluorescent material converts the applied excitation light to
fluorescence having a predetermined wavelength different
from the wavelength of the excitation light. The fluorescence
which is light having the predetermined wavelength is emit-
ted from the wavelength conversion unit 20 as illumination
light for illuminating the object to be illuminated. Actually,
the fluorescent material does not totally convert the applied
excitation light to fluorescence, but partly converts the exci-
tation light to fluorescence. Thus, the wavelength conversion
unit 20 emits not only the fluorescence but also the excitation
light. Therefore, the wavelength conversion unit 20 actually
emits the light signal O including the fluorescence which is
the illumination light, and the excitation light which is not
converted to fluorescence by the fluorescent material.

On the other hand, the operation check device 14 is remov-
able from a light signal emitting end of the light source device
12 where the wavelength conversion unit 20 is located. The
operation check device 14 has a connection detector 26 and a
light amount sensor 28. Here, the connection detector 26
detects whether the operation check device 14 is connected in
a proper positional relationship when the operation check
device 14 is connected to the light signal emitting end. The
light amount sensor 28 is a detector which detects the light
signal O emitted from the wavelength conversion unit 20
when the operation check device 14 is connected to the light
signal emitting end.

The light source controller 22 of the light source device 12
is configured to receive a connection detection signal CD
from the connection detector 26 of the operation check device
14, and a detected light amount DO from the light amount
sensor 28. The light source controller 22 includes a determi-
nation circuit 30 which is an operation determination circuit
to determine whether the light source device 12 fails, i.e.,
determine the operations of the excitation light source 16, the
optical fiber 18, and the wavelength conversion unit 20, in
accordance with the detected light amount DO from the light
amount sensor 28. The failure in the light source device 12
means, for example, the breaking of the optical fiber 18, and
the leakage of the excitation light caused by the breaking of
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the optical fiber. Otherwise, the failure in the light source
device 12 means, for example, the deterioration of emission
efficiency of the excitation light or fluorescence caused by the
breakdown of the wavelength conversion unit 20, and an
unnecessary increase of the excitation light. The determina-
tion of whether the light source device 12 fails is described
later.

In the illumination system 10 having the configuration
described above, the operation check device 14 is used to
determine the operation of the light source device 12 before
the light source device 12 illuminates the object to be illumi-
nated.

For example, this operation determination is automatically
performed at least at the time of the application of electric
power to the light source device 12 or after operational ini-
tialization of the light source device 12. In this operation
determination, before the activation of the excitation light
source 16, the light source controller 22 first ascertains in
accordance with the connection detection signal CD from the
connection detector 26 that the operation check device 14 is
connected to the light signal emitting end of the wavelength
conversion unit 20 of the light source device 12 in a proper
positional relationship. After the connection is ascertained,
the light source controller 22 activates the excitation light
source 16 to emit the light signal O from the wavelength
conversion unit 20. Using the detected light amount DO
which is emitted light information detected by the light
amount sensor 28 of the operation check device 14, the deter-
mination circuit 30 then determines the state of the light
source device 12. In accordance with the determination, the
light source controller 22 controls the optical output of the
light signal O. That is, when the light source device 12 is
determined to be dangerous or improper for activation, the
light emission by the excitation light source 16 is inhibited, or
the amount of the excitation light is limited. If the operation
check device 14 is disconnected from the light signal emitting
end, the light signal O under optical output control is emitted
from the light signal emitting end. The determination result
or, the control result of the optical output of the light signal O
may be displayed on the display 24.

Now, specific configurations of the wavelength conversion
unit 20 of the light source device 12 and the operation check
device 14 are described.

As shown in FIG. 2A and FIG. 2B, the light source device
12 has a light signal emitting end 32 for holding the optical
fiber 18 and the wavelength conversion unit 20. The wave-
length conversion unit 20 is located at the tip of the optical
fiber 18 in the light signal emitting end 32. The wavelength
conversion unit 20 has a fluorescent material 34 and a tapered
mirror 36. Here, the fluorescent material 34 is a wavelength
conversion member which converts the wavelength of the
excitation light emitted through the optical fiber 18. The
tapered mirror 36 is located in the rear of the fluorescent
material 34 (on the side of the optical fiber 18). As described
above, the light signal O including fluorescence which is the
illumination light converted by the fluorescent material 34
and the excitation light which is not converted to fluorescence
by the fluorescent material is emitted from an emission open-
ing 38 provided at the tip of the light signal emitting end 32.
The tapered mirror 36 is disposed to emit, from the emission
opening 38, light traveling in directions other than the direc-
tion of the emission opening 38 out of the fluorescence con-
verted by the fluorescent material 34. It should be appreciated
that the wavelength conversion unit 20 is not limited to the
structure described here and has only to be a structure that
uses the fluorescent material 34.
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The operation check device 14 is removable from the light
signal emitting end 32, and includes the connection detector
26 and the light amount sensor 28. The operation check
device 14 further includes a connector 40 and a light blocking
cover 42. Here, the connector 40 directly and physically con-
nects the light signal emitting end 32 and the operation check
device 14. The light blocking cover 42 is a light blocking
component which blocks, when connected, the light signal O
emitted from the light signal emitting end 32.

The light amount sensor 28 is disposed on the inner surface
of'a concave in the light blocking cover 42, and is located to
be in front of the emission opening 38 of the wavelength
conversion unit 20. The connector 40 is provided with a
projection 44 for alignment to keep a given distance between
the light amount sensor 28 and the emission opening 38.

As shown in FIG. 2B, when the operation check device 14
is attached to the light signal emitting end 32 of the wave-
length conversion unit 20, the emission opening 38 is covered
with the light blocking cover 42. Therefore, the light emitted
from the emission opening 38 does not leak out, and the light
emitted from the emission opening 38 only enters the light
amount sensor 28, so that the influence of external light can be
eliminated. As the optical output is not yet controlled at the
time of the operation determination of the light source device
12, a dangerous level of light may be emitted from the emis-
sion opening 38. However, such light, even if emitted, does
not cause damage to, for example, a person outside because
the emission opening 38 is covered with the light blocking
cover 42.

The connection detector 26 detects whether the light block-
ing cover 42 and the light amount sensor 28 fixed thereto are
placed at proper positions. The connection detector 26 may be
configured to optically or electromagnetically detect access,
or may be configured to electrically detect connection by the
contact of electrodes.

A wavelength filter 46 which transmits the excitation light
is provided in front of the light amount sensor 28 (on the side
of'the emission opening 38). Thus, when the operation check
device 14 is connected to the light signal emitting end 32 and
the excitation light source 16 emits excitation light, the light
amount sensor 28 detects the state of the excitation light in a
situation where the wavelength conversion unit 20 emits fluo-
rescence and the excitation light. If the wavelength conver-
sion unit 20 breaks down, the excitation light converted to
fluorescence by the wavelength conversion unit 20 decreases,
and the excitation light emitted as excitation light from the
emission opening 38 increases. Therefore, the breakdown of
the wavelength conversion unit 20 decreases the emission of
fluorescence and increases the emission of excitation light.
The excitation light has a high risk of causing damage when
directly applied to human eyes or skin. Thus, the amount of
excitation light is detected here. For example, if the optical
fiber 18 has broken or deteriorated, the excitation light leaks
out of the broken or deteriorated part, so that the amount of
excitation light entering the wavelength conversion unit 20
decreases, and the amount of excitation light penetrating the
wavelength conversion unit 20 also decreases.

As shownin FIG. 3, an excitation light amount detector and
a fluorescence amount detector may be configured by provid-
ing two light amount sensors 28 and disposing wavelength
filters 46E and 46F which respectively transmit excitation
light and fluorescence so that the amount of excitation light
and the amount of fluorescence can be independently
detected. That is, a small failure in the light source device 12
that is not shown in the change of the amount of excitation
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light may be detected as the change of the amount of fluores-
cence. Thus, the detection of the amount of fluorescence is
meaningful.

Alternatively, a spectrometric detector may be used instead
of the wavelength filter 46 and the light amount sensor 28.
When such a spectrometric detector is used, the determina-
tion circuit 30 may only determine in accordance with the
amount of the excitation light wavelength detected by the
spectrometric detector, or may determine in accordance with
relative intensity between the amount of the excitation light
wavelength and the amount of the fluorescence wavelength.

As shown in FIG. 4, for example, the determination circuit
30 of the light source device 12 can be configured by a
comparator 48 which compares a detected light amount DO
from the light amount sensor 28 of the operation check device
14 with a reference voltage REF corresponding to a predeter-
mined value. The output of the comparator 48 will be a
determination result DR by the determination circuit 30. This
determination circuit 30 determines whether the amount of
excitation light is less than or equal to the predetermined
value, and thereby determines whether the light source device
12 fails, i.e., determines the operations of the excitation light
source 16, the optical fiber 18, and the wavelength conversion
unit 20.

Alternatively, for example, as shown in FIG. 5, the deter-
mination circuit 30 of the light source device 12 may include
two comparators 50 and 52 and an AND operator 54. Here,
the comparator 50 compares the detected light amount DO
from the light amount sensor 28 of the operation check device
14 with a reference voltage REF1 corresponding to a lower
limit value within a predetermined range. The comparator 52
compares the detected light amount DO from the light
amount sensor 28 with a reference voltage REF2 correspond-
ing to an upper limit value within the predetermined range.
The AND operator 54 takes an AND of the determination
results by the comparators 50 and 52. The output of the AND
operator 54 will be the final determination result DR of the
determination circuit 30. This determination circuit 30 deter-
mines whether the amount of excitation light is within a
predetermined range, and thereby determines whether the
light source device 12 fails, i.e., determines the operations of
the excitation light source 16, the optical fiber 18, and the
wavelength conversion unit 20.

Here, the determination circuit 30 determines by one of the
following methods:

(1) The determination circuit 30 determines that the opera-
tion is “proper” when the amount of the excitation light
output to the outside through the wavelength conversion
unit 20 is within the range of a light amount found in
consideration of production variance of the excitation
light source 16 and the wavelength conversion unit 20, or
the determination circuit 30 determines that the opera-
tion is “improper” when the amount of the excitation
light is not within the light amount range;

(2) The determination circuit 30 determines that the opera-
tion is “proper” when it is expected from the amount of
excitation light in consideration of the deterioration of
the wavelength conversion unit 20 that there is enough
time before future deterioration and danger, or the deter-
mination circuit 30 determines that the operation is
“improper” when it is expected that there is not enough
time; and

(3) The determination circuit 30 determines that it is “dan-
gerous” when the wavelength conversion unit 20 breaks
down and the amount of the excitation light output from
the emission opening 38 of the wavelength conversion
unit 20 influences other devices or the human body, or
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the determination circuit 30 determines that it is “safe”
when the light amount has no influence.

For example, when the excitation light source 16 is a laser
device as described above, excitation light which is laser light
greater than or equal to the predetermined value may be
emitted from the emission opening 38 if the light source
device 12 fails. If the excitation light greater than or equal to
the predetermined value is emitted, the user may be affected,
and desired safety may not be maintained, or other devices
may be affected. Thus, the determination circuit 30 deter-
mines that it is “safe” if the detected amount of excitation
light is less than or equal to the predetermined value, or the
determination circuit 30 determines that it is “dangerous” if
the detected amount of excitation light is more than the pre-
determined value. The predetermined value which is the
threshold of this determination can be based on, for example,
the light amount detected by the light amount sensor 28 when
the amount of the excitation light that influences other devices
or the user of the light source device 12 is emitted. The
threshold of this determination may be based on laser safety
classes defined by, for example, international standards.

The failure in the light source device 12 means, for
example, the breakdown of the wavelength conversion unit
20. If the wavelength conversion unit 20 breaks down, the
excitation light converted to fluorescence by the wavelength
conversion unit 20 decreases, and the excitation light emitted
as excitation light from the emission opening 38 increases.
Therefore, the breakdown of the wavelength conversion unit
20 decreases the emission of fluorescence and increases the
emission of excitation light.

The “proper” operation and “improper” operation are
decided, for example, by whether the excitation light source
16 and the wavelength conversion unit 20 can satisty
designed specifications, or by whether there is enough time
before the wavelength conversion unit 20 becomes dangerous
as a result of its deterioration in consideration of the deterio-
ration of the wavelength conversion unit 20. The predeter-
mined value which is the threshold of this determination can
be found, for example, in consideration of production vari-
ance of the excitation light source 16 and the wavelength
conversion unit 20 so that the excitation light source 16 and
the wavelength conversion unit 20 satisfy the designed speci-
fications. The predetermined value is lower than the prede-
termined value in the case of “safe” and “dangerous”.

The determination circuit 30 obtains a determination result
by previously setting, in the comparator 48 or the compara-
tors 50 and 52, the reference voltage REF corresponding to
the predetermined value for one of the case of “safe” and
“dangerous” and the case of “proper” and “improper”. It
should be appreciated that the amount of excitation light (the
optical output of the excitation light source 16) may be con-
trolled in accordance with the combination of the determina-
tions “safe” and “dangerous” and the determinations
“proper” and “improper”.

Although the determination is based on the amount of
excitation light in the example described here, it is also pos-
sible to determine by the amount of fluorescence or by both
the amounts of excitation light and fluorescence. Alterna-
tively, it is also possible to use the spectrometric detector to
determine by deriving the amount of excitation light and the
amount of fluorescence from a spectrum. It is also possible to
determine by the ratio between the amount of excitation light
and the amount of fluorescence.

After the operation check device 14 is removed from the
light source device 12 by user operation, the light source
controller 22 controls the optical output of the excitat